Study Design. Retrospective analysis of a prospective data set. Objective. Determine the incidence and epidemiology of combatrelated spinal injuries for the wars in Afghanistan and Iraq. Summary of Background Data. Recent studies have identifi ed a marked increase in the rate of combat-related spine trauma among casualties in Afghanistan and Iraq. Limitations in these previous works, however, limit their capacity for generalization. Methods. A manual search of casualty records stored in the Department of Defense Trauma Registry was performed for the years 2005 to 2009. Demographic information, nature of spinal wounding, injury mechanism, concomitant injuries, year, and location of injury were recorded for all soldiers identifi ed as having sustained combat-related spine trauma. Incidence rates were constructed by comparing the frequencies of spine casualties against defense manpower deployment data. Multivariate Poisson regression was used to identify statistically signifi cant factors associated with spinal injury. Results. In the years 2005 to 2009, 872 (11.1%) casualties with spine injuries were identifi ed among a total of 7877 combat wounded. The mean age of spine casualties was 26.6 years. Spine fractures were the most common injury morphology, comprising 83% of all spinal wounds. The incidence of combat-related spinal trauma was 4.4 per 10,000, whereas that of spine fractures was 4.0 per 10,000. Spinal cord injuries occurred at a rate of 4.0 per 100,000. Spinal cord injuries were most likely to occur in From the
Private [JM]…10
th United States Cavalry, received a gunshot wound in the neck [and] [c]omplete paralysis of both superior extremities…the ball…penetrated the neck… fracturing one or more of the vertebrae…death on November 28, 1869, about eight days after receipt of this injury.
George A. Otis, MD (1871) 1 T he above account of a gunshot wound to the cervical spine during the period of the Indian Wars was fairly typical of the clinical course experienced by US service members with combat-related spinal trauma for the fi rst century and a half of American military medicine. 1 , 2 Only in the era of World War II did advances in medical technology and surgical capabilities allow military surgeons to intervene in the setting of severe war-related spine wounds. 2 , 3 Even then, however, spinal injuries were recognized only in 1% to 2% of combat casualties in all major military actions until the start of the wars in Iraq and Afghanistan. 2 -5 A substantial increase in interest regarding combat-related spine trauma has occurred during the last 4 years, as publications have highlighted a marked elevation in the incidence of such injuries among American casualties from the battlefronts in the Middle East. 2 -9 Work conducted among a single brigade combat team identifi ed the incidence of combatrelated spine injury at 7.4%, 4 and a similar rate was published by Comstock et al 8 for Canadian personnel. Another investigation, using the records of combat fatalities, estimated that spinal trauma may be present in as many as 38% of all war-related deaths. 5 Limitations to these previous works, however, hinder the capacity to generalize their fi ndings to the American military as a whole. These include restrictions in the scope of population under study, 4 , 5 , 7 , 9 consideration of combat units for only a fi xed period of time, 4 and patient cachements that consist of a single combat hospital 8 or region of confl ict. 4 Possibly, the single greatest limitation among these previous efforts rests in their inability to defi ne a population at risk. Without a reliable estimate of the population exposed to the combat theater, suffi ciently broad in terms of demography, military occupation, and exposure to warfare, readily translatable determinations of the character, nature, and epidemiology of war-related spinal trauma are not possible. 10 , 11 This investigation was designed to provide information regarding the incidence and extent of combat-related spine wounds in the confl icts in Iraq and Afghanistan, using a population at risk derived from the records of the Defense Manpower Data Center. Wounded personnel with spinal injuries were identifi ed through a manual search of the Department of Defense Trauma Registry (DoDTR). To the best of our knowledge, this effort is the most complete and scientifi cally rigorous analysis regarding the incidence and epidemiology of spine trauma in Iraq and Afghanistan. The data presented here may be more immediately translatable to American military personnel deployed to combat and might also be applicable to civilian disaster planning and mass casualty events within the United States.
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MATERIALS AND METHODS
Prior to its initiation, this investigation received separate approvals from our investigational review board and the DoDTR. The main population under study consisted of the 7877 combat casualties whose injury-specifi c data were registered with the DoDTR between 2005 and 2009. The methodology of the DoDTR has been extensively described in previous publications. 6, 7, 9, 11, 13 In brief, since 2003, the records of soldiers injured in combat have been registered with the DoDTR. Data from each treatment facility in the evacuation chain are synthesized into a single record for injured personnel accessible through application to the Army Institute that maintains the registry. 14 The data set does not contain information on soldiers who died before reaching a medical treatment facility, nor does it capture details regarding soldiers from coalition nations, American civilians wounded in theater, host nationals, or enemy combatants. 11 , 14 The DoDTR and its predecessor (the Joint Theater Registry) have been used in previous studies evaluating the nature of war injuries in Afghanistan and Iraq, 6 , 7 , 9 , 11 and data from the system have been found to be both reliable and valid. 13 A manual search was performed for each of the 7877 soldier-specifi c records obtained from the DoDTR to identify all soldiers who sustained a spinal injury. Demographic data including age, sex, and rank were abstracted, as was the individual's branch of service (Army, Navy, Air Force, or Marine Corps). The nature of spinal wounding, along with concomitant injuries, year of injury, location (Iraq or Afghanistan), and trauma mechanism were also recorded. Rank was classifi ed as junior enlisted (lowest 4 ranks in any branch), senior enlisted (all noncommissioned offi cers), and offi cers (including general offi cers and warrant offi cers). Mechanism of injury was categorized as explosion (including improvised explosive device and explosively formed projectile), gunshot wound, motor vehicle crash, and other ( e.g ., fall from height, helicopter crash, other mechanism of injury). Concomitant wounds were classifi ed using the Churchill criteria. 15 Incidence rates (IRs) by location, year, and branch of service were derived by comparing frequencies of combat casualties with spinal injuries with the population at risk as reported by the Defense Manpower Data Center. Multivariate Poisson regression analysis, controlling for other factors present in the model, was then used to develop a predictive model that identifi ed statistically signifi cant independent factors associated with spinal injuries. By convention, the variable with the lowest IR for the category under investigation was used as a referent in the multivariate test. Independent factors associated with spine trauma were considered those that demonstrated IRs greater than the population mean, adjusted incidence rate ratios (IRR), 95% confi dence intervals (CI) exclusive of 1.0, and P < 0.05.
Determinations for the statistical infl uence of injury mechanism by location, year, and branch of service were calculated using the χ 2 test. The Iraq theater was considered as more representative of urban warfare, 16 whereas the Afghanistan theater was thought to be refl ective of rural asymmetric warfare. 17 The years 2007 and 2008 were maintained to be time periods of more aggressive counter-insurgency operations in Iraq, 16 whereas 2009 refl ected similar enhanced operations in Afghanistan. 17 All testing was performed using SAS statistical software (version 9.3, SAS Institute, Cary, NC).
RESULTS
In the time between 2005 and 2009, there were 1,992,236 person-years of exposure to the combat zones in Afghanistan and Iraq ( Table 1 ). In this same period, 7877 combat casualties were reported to the DoDTR, of which 872 (11.1%) were found to have sustained one or more instances of spinal trauma. In total, 1292 distinct spinal injuries were identifi ed, with a mean of 1.5 spine wounds per injured soldier. The average age of individuals with spine trauma was 26.6 years and approximately 99% of the cohort was male ( Table 2 ) . Eighty-one percent (n = 707) were members of the Army and 57.1% were junior enlisted ( Table 2 ). Explosions were the most common mechanism of injury (n = 650, 74.5%), with gunshot wounds occurring in only 14.8% ( Table 3 ). The lumbar spine (n = 522, 40%) was the most frequently involved region, followed by the thoracic (n = 300, 23%) and cervical spines (n = 231, 18%). Injuries to the sacrum and coccyx were identifi ed in 219 instances (17%). Twenty-nine service members (3.3%) died of their injuries after receiving medical care. The most common injury was a spine fracture, representing 83% of all wounds (n = 1078) and occurring in 91% (n = 797) of all casualties. Open fractures were identifi ed in 26% (n = 231) of the cohort. Spinal dislocations were documented in 78 soldiers (9%), disc displacements were recorded in 28 (3%), nerve root injuries in 24 (3%), and spinal cord injury occurred in 77 (9%). Among the 650 soldiers injured by explosive blast, 204 (31%) sustained injuries involving more than 1 spinal region. Thirty-one percent (n = 64) of these involved the thoracic and lumbar regions and 10% (n = 21) involved the cervical and lumbar regions. Eleven (5%) soldiers had injuries to the cervical, thoracic, and lumbar spines and 5 (3%) were found to have pan-spinal wounds (cervical, thoracic, lumbar, and sacral). Fractures in multiple regions were identifi ed in 197 (30%) individuals, whereas multiregional dislocations occurred in 33 (5%) individuals. Multilevel injuries within a region were documented in 283 cases (44%), with multilevel fractures within the same spinal region recorded in 276 cases.
Injuries to the extremity were the most common associated wound (n = 645, 74%), followed closely by injuries to the head and the neck (n = 637, 73%). The abdomen was the only Churchill region that was found to have an injury prevalence of less than 50% within the cohort ( Figure 1 ). Fifty-seven percent (n = 132) of soldiers with cervical injuries resulting from explosive blast had associated head or neck wounds, whereas a much smaller percentage (16%, n = 84) were found to have lumbar fractures associated with pelvic trauma.
The overall IR for spine trauma in this study was 4.4 per 10,000. Spinal injuries from gunshot were signifi cantly more likely to occur in Iraq (17% vs. 10% in Afghanistan, P = 0.02), whereas explosive blasts were responsible for approximately 75% of casualties in both confl icts. The incidence of explosive mechanisms of injury across years ranged from 64% to 84%, with 2007 demonstrating a signifi cantly lower rate of casualties resulting from explosion ( P < 0.001). Gunshot wounds ranged from 4% to 20% of all casualties by year, with the highest rates appreciated in 2006 (20%) and 2007 (18%).
Mechanism of Injury for Soldiers With Combat-Related Spinal Trauma by Year and Location
DISCUSSION
Recent publications have highlighted an elevated incidence of war-related spine trauma among casualties from Iraq and Afghanistan when compared with prior wars. 2 -9 This substantial increase is thought to be related to enhanced personnel protection and medical advancements that have increased survivability among the combat injured, allowing soldiers to survive wounding mechanisms that would previously have proven lethal.
3,4,6,7,9,11 Whereas in confl icts from ancient times through World War II, soldiers with spinal trauma were injured so severely that their survival was rendered impossible, 1 -3 advances in military medicine are now enabling soldiers to reach medical facilities where their spinal wounds can be identifi ed. Other authors have cited improved surveillance at medical facilities, 3 , 5 , 8 as well as enemy combatants' reliance on explosive mechanisms of assault, 3 -5 , 7 , 9 as the factors principally responsible for the apparent elevation in war wounds to the spine.
A holistic appreciation of the nature and extent of spinal trauma in modern American combat theaters has not previously been possible, however, because the design of previous works obviates their capacity to be generalized to the military as a whole. The methodology used in this analysis, including a manual search of soldier records from a validated database such as the DoDTR, 13 as well as the use of Defense Manpower Data Center statistics to defi ne a population-at-risk, enabled a more complete characterization of the incidence and epidemiology of spinal trauma in combat. The IRs and associated risk factors presented here may be more immediately relevant to modern combat or domestic terrorism and can also facilitate strategic forecasting. 10 -12 The average age, manner of spine trauma, region of spinal involvement, wounding mechanisms, and associated injury patterns of this cohort are concordant with previous works, 4 -9 indicating a degree of validity for the data set under consideration. For example, other large studies regarding spine injuries sustained in war have reported explosive blast as the most common mechanism of injury, responsible for 56% to 84% of all combat spine casualties. 4 -9 Our rate of 74.5% exists within this range, as does the 14.8% of the population that was injured by gunshot (range, 3%-15% in previous reports 4 -9 ). No previous efforts have reported IRs for spinal injuries over a long duration. This renders our results, calculated using 5 years worth of data, as novel contributions to the literature. We found that, overall, 4.4 incidents of spine trauma occurred per 10,000 soldiers, with spinal fractures documented at a rate of 4.0 per 10,000. By comparison, injuries to the extremities are anticipated in 15.4 soldiers per 10,000.
11 It is also interesting to note that our fi ndings for the rate of spine trauma, as well as spinal fractures, outpace the calculated incidence for both thoracic (2.95 per 10,000 11 ) and abdominal (3.0 per 10,000 11 ) wounds. A previous estimate regarding the incidence of spine fractures, presented by Possley et al 9 for a 2.5-year period of the Iraq and Afghanistan wars, returned a higher rate of 16 per 10,000. Similarly, our previous work considering 4122 personnel deployed for a single year to Iraq resulted in a determination of 5.6 spinal injuries per 1000. 4 These discrepancies illustrate the large differences that may result from calculations subject to variance in sample size as well as the defi nition of population at risk. 10 In light of the methodology used in this work, our fi ndings may be considered as less subject to sampling error and other potential biases.
The 11.1% rate of spinal injuries encountered in this investigation represents the highest published statistic for Iraq, Afghanistan, or any other American confl ict ( Figure 2 ) . 2 -9 It is commensurate, however, with a previous number largely derived from personnel killed in the combat zone. 5 When this fact is considered in conjunction with our study design, a strong case may be made for the 11% value as translatable for the purposes of strategic planning and military preparedness.
-12
Figure 2. Known rates of spinal injuries, as a percentage of total combat casualties, for soldiers in American military confl icts from the Civil War (1861-1865) to the present. Data for the Civil War were calculated from reported combat casualties for the Union Army and spinal injury rates as documented in Schoenfeld et al . 2 Rates for Korea, Vietnam, Panama, and the Gulf War are reported in the study by Blair et al . 6 The Iraq fi gure is derived from the work of Schoenfeld et al 4 The statistical association between the Afghan theater and spine trauma may be indicative of a heightened risk for these injuries in asymmetric rural warfare. Findings specifi c to Iraq point to elevations in the rate of gunshots to the spine in the setting of urban confl ict. Perhaps, not surprisingly, periods of intense combat and/or aggressive counterinsurgency, such as the year 2007, 4 , 16 , 17 are also associated with a concomitant increase in spinal trauma.
When compared with reports of civilian spine trauma, we note that our study indicates a much higher prevalence of multiregional injuries (31% as compared with 20% in the report of Pirouzmand 18 ). Elevated rates of associated wounds, such as concurrent injuries to the head and the neck, were also appreciated. 19 , 20 Previous works have highlighted facial fractures and/or head injury as associated risk factors for the presence of cervical trauma. 19 , 20 Such fi ndings speak to the destructive power inherent in modern-day military grade explosives, a fact that has important implications for those who may be called on to treat civilian casualties after a domestic attack. 21 The results of this investigation should not be accepted without acknowledging inherent limitations and the potential for bias. Foremost, this effort was retrospective and conducted using incident-level data from the DoDTR and population-based information as reported by the Defense Data Center. As all of our calculations are reliant on information derived from these data sets, the integrity of this work is highly dependent on the fi delity of information reported to these systems. Intrinsic errors within these registries, including mistakes related to injury reports or the number of deployed personnel, would adversely impact our conclusions. Other limitations based on the source of our data include a lack of information regarding specifi c treatments, as well as details related to long-term outcome.
It should also be appreciated that Defense Manpower Data Center statistics are annual estimates, used with certain assumptions. In light of the need for operational security, however, the values from the Manpower Data Center may be considered the most accurate information available on deployed troop numbers. Finally, the DoDTR is not comprehensive and has been unable to capture the records of all combat casualties for any year. Several authors, however, maintain that reporting to the database has approximated 90% of war-injured for every year since 2007. 6 , 7 , 9 , 13 Therefore, the determinations presented here should not be considered exhaustive, although they likely represent some of the best available data as well as the most generalizable information, in light of our methodology and the size of the population examined.
CONCLUSION
This epidemiological study was performed using combat casualty data derived from the DoDTR and population at-risk determinations made from the Defense Manpower Data Center. Our results confi rm notions expressed in prior works that the incidence of spine trauma in modern warfare exceeds that encountered in earlier confl icts, perhaps by a factor as high as 10. Moreover, the IRs of spine trauma as well as fractures of the spinal column surpass previously published calculations for war-related thoracic and abdominal injuries. The determinations encountered in this work may have an enhanced capacity for generalization on the basis of the strengths of our methods, the size of the population at risk, and the number of incidents of war-related spine trauma.
➢ Key Points
The incidence of combat-related spinal trauma in this study was 4.4 per 10,000, whereas that of spine fractures was 4.0 per 10,000. The 11.1% rate of spinal injuries encountered in this investigation represents the highest published statistic for Iraq, Afghanistan, or any other American confl ict. The determinations encountered in this work may have an enhanced capacity for generalization based on our methodology, the size of the population at risk, and the number of incidents of war-related spine trauma.
